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Rγuf · v dγ.
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Γi = ∂Ωi ∩ Γ, i = 1, 2.

]r¸jmp^oq=l{xcpiivS]
ui = uf |Ωi , pi = pf |Ωi , fi = ff |Ωi ,
¡¢p=x
i = 1, 2.

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Hm(O) ¤ m ≥ 0 ¤¡¢p=xGtsoq£s]NJnApsvi]N^p=S]Njm]l O ⊂ Rd ¤
1 ≤ d ≤ n ¦a`µLSxclco¸v[r¸x?¤[­a].YV£s] L2(O) = H0(O) ¦~XY[](j{srqsx}[xcpiivSÆl#oq L2(O) oqj i]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ff ∈ [L2(Ω)]n ¦
îî éN
Ý?ùzãÝ














µ∇u1 · n1 − p1n1 + µ∇u2 · n2 − p1n2 = −Rγu ps γ,
ui = 0
ps
Γi, i = 1, 2,
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vi = v|Ωi , i = 1, 2
¦v[r6l{o¥r¥hkoq[t~l{Y[];»x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vi)Ωi − (µ∇ui · ni − pini , vi)γ
]










u ∈ V s p ∈ M˜ jmvSY·l{Y1l{
(µ∇u, ∇v)Ω + (Rγu, v)γ − (
ioq£
v, p)Ω = (ff , v)Ω ∀v ∈ V,
(
ioq£
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CminhT ≤ h ≤ CmaxhT , ∀T ∈ Th.
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T ∈ Th ¤[s 0 ≤ m ≤ 2 ¤ 2 ≤ l ≤ k + 1 :






E ∈ Gh (E = T1 ∩ T2, T1, T2 ∈ Th) ¤[­a].r¸jmpJYV£s]
‖u− Ikhu‖0,E ≤ c2hl−1/2
∑
i=1,2
‖u‖l,Ti u|Ti ∈ [H l(Ti)]n, i = 1, 2, u ∈ [H1(T1 ∪ T2)]n.
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0 ≤ m ≤ 1 ¤
1 ≤ l ≤ k + 1 ¤i­a]YV£s]
‖pi − Jh,ipi‖m,Ωi ≤ c3hl−m‖pi‖l,Ωi pi ∈ H l(Ωi),












 ﬂﬁﬀﬃﬂ  !"#%$&!')(*"#  ﬂ1ﬁﬀ+,%	 ﬀ 3
 
6[x{ps\ 4zŁN;7¤io¥l}lcY[]N¡¢psrqr¥p1­~jal{Y1l}¡¢p=x
0 ≤ m ≤ 1 ¤ 1 ≤ l ≤ k + 1 ¤
‖p− Jkhp‖m,Ωi ≤ c3hl−m‖p‖l,Ωi p ∈ L2(Ω), p|Ωi ∈ H l(Ωi), i = 1, 2,
‖Jp− JkhpK‖0,γ ≤ c4hl−1/2
∑
i=1,2





‖∆vh‖0,T ≤ c5h−1‖∇vh‖0,T vh ∈ Vh, 4zŁV%7




‖u|γ‖0,γ ≤ cγ‖u‖1,Ω u ∈ V.
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(uh, ph) ∈ Vh ×Mh jcvY·l{Y1l
Bδ,Rγ
(










(u, p), (v, q)
)
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(u, p) ∈ [H1(Ω)]n ×L2(Ω) ,!1ﬀ #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ff + µ∆u−∇p ∈ [L2(T )]n, ∀T ∈ Th,
Jµ∇u · n− pnKE + Rγu ∈ [L2(E)]n, ∀E ∈ Gh,
 ﬂ ﬀ>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(uh, ph) ∈ Vh ×Mh  ﬀ !1ﬀ  $ 
 ﬂA 4mŁ;7 !1ﬀﬂ
Bδ,Rγ
(
(u− uh, p− ph), (vh, qh)
)
= 0, ∀(vh, qh) ∈ Vh ×Mh. 4zŁ?;7
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ff + µ∆u−∇p = 0, oq [D′(Ωi)]n, i = 1, 2,
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(u, p) ∈ Vh ×Mh ¦
XY[]J¡¢psrqrqp1­}o¥[tx{]Njcv[r6ljml{lc]Njl{Y[]ﬃpk]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(uh, ph), (uh, ph)












(uh, ph), (uh, ph)
) ≥|µ1/2uh|21,Ω + ‖r1/2minuh‖20,γ + x2 + y2 − δ1/2c5(µ|uh|21,Ω)1/2 x
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β = β(δ, rmin, rmax, µ) >
0







(uh, ph), (vh, qh)
)
|||(uh, ph)|||h |||(vh, qh)|||h
≥ β.
 #"ﬀ  ﬀ 









(uh, ph) ∈ Vh×Mh ¦;XY[]x{]~]#io¸jzlj v ∈ V Sﬃ(p=jzlDl cΩ ¤k­}Y[oqY·ps[rqhJ[]A][jps
Ω
¤SjcvYlcYS1l#ioq£

















(uh, ph), (vh, 0)
)




(∇ph, v − vh)T +
∑
E∈Gh
(JphnK, v − vh)E .
XY[]Nxc]¡¢psx{]s¤ivjco¥t /asv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Bδ,Rγ
(
(uh, ph), (vh, 0)




















(uh, ph), (vh, 0)
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0 < ρ =
1









(1− ρ)uh + ρvh, (1− ρ)ph
)) ≥ µ










≤ (1− ρ)|||(uh, ph)|||h + ρ|||(vh, 0)|||h









2 cδ + 4c
2
δ
1 + 4c2δµ + µ
|||(uh, ph)|||h.
4W 7
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(u, p)
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Nk+1(u) + (1 + δ1/2)µ−1/2Nk(p)
]
,
























|||(u− Ikhu, p− Jkhp)|||h =
{
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(u, p) ∈ V× M˜  ﬀ !1ﬀ #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(u, p)
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|||(u− uh, p− ph)|||h ≤ |||(u− vh, p− qh)|||h + |||(uh − vh, ph − qh)|||h.
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]?#l{p~]Njmlcoq\ﬃ1l{] |||(uh − vh, ph − qh)|||h
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(µ∇(u− vh), ∇wh)Ω ≤ c1 hkµ1/2 Nk+1(u)|||(wh, rh)|||h.
îî éN
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(u− vh)Ω = −
∑
T∈Th















1/2µ1/2 Nk+1(u) + c3 δ1/2µ−1/2 Nk(p)
)
|||(wh, rh)|||h.
b lcY[].pslcY[]Nx}YS½¤ivjco¥[tJl{Y[]¡¹sl}lcYl ∇u ∈ Hk(Ωi)n×n, i = 1, 2 Sjcoq]
‖J∇(u− vh) · nK‖0,E ≤ ‖J∇(u− vh)K‖0,E ≤ c2 hk−1/2
∑
i=1,2
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nAp1£s]=¦4%]l
Ω = (0, 2)× (0, 1) nA]~lcY]#«voq[ps\ﬃoq·ioq£koqi]?ﬃoqﬃlz­p0jmv[nÂip=\^so¥Sj Ω1 = (0, L)× (0, 1)
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Y l{Y1llcY[]-¡¢psrqrqp1­}o¥[t¡¢v[lcoqpsjx{]-jcpsrqvil{o¥p= lcp
[x{psn[rq]\ 4W%7,:
u1 =
[ −19.98 x + 10 x2




25 x− 69.98 x + 35 x2












h ∈ {1/10; 1/20; 1/40; 1/80}
YV£=]JnA]]Nªp=jmo¸i]Nxc]?7s-lcY[]ﬃx{]Njcv[r¥l{jsxc]ﬃx{]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u¯ = − b
2
3µL1
(P1 − P0) = − 1
rγ



















b2 , i = 1, 2
E
;9X.o@0











L1 = L2 = 4 cm
¤
2b = 0.4 cm
¤/l{Y[]£Do¸j{p=jco¥lzh7o¸j
µ = 0.04 g/(cms)
S¬lcY]jmlc]NDl
x{]Njcoqjmlcoq£ko6lzh'oqj
rγ = 100 g/(cm
2s)
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ph|γ Co Co ﬂ#o¸jc ﬂ#o¸j{ ﬂ#o¸j{ ﬂ#o¸jc
fkSs]?j
Q1/Q1 Q2/Q1 Q2/P1 Q1/Q1 Q2/Q1 Q2/P1
/psk£s]Nxct=]] [p0/	 jcr¥p1­
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 0  1  2  3  4  5  6  7  8
Ref QP
Fissure - h1
No Fissure - h1
No Fissure - h2










 0  0.2  0.4  0.6  0.8  1
Ref QP
Fissure - h1
No Fissure - h1
No Fissure - h2
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 0  0.2  0.4  0.6  0.8  1
Ref QP
Fissure - h1
No Fissure - h1
No Fissure - h2









 0  0.2  0.4  0.6  0.8  1
Ref QP
Fissure - h1
No Fissure - h1
No Fissure - h2
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T(u, p) · n(x, tn) = −pin(tn) ps Γin,

























µ = 0.035 g (cm s)−1
¤alcY[]«v[o¸ i]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ran rbr ||φ||Γin,∞ ||φ||Γout, 1,∞ ||φ||Γout, 2,∞ ||u||Ωan,∞||u||Ωtr,∞ ||∇ × u||Ωan,2 ||WSS||∂Ωan,2
0 0 0 1.02 0.513 0.504 69.9% 61.7 11.6
1 50 1 1.01 0.513 0.504 23.4% 14.1 2.93
2 50 5 1.01 0.513 0.503 23.3% 14.0 2.90
3 50 10 1.01 0.512 0.502 23.2% 13.9 2.88
4 50 20 1.01 0.51 0.5 23.0% 13.7 2.82
5 50 50 1.0 0.505 0.494 22.6% 13.2 2.70
6 100 1 1.02 0.513 0.504 12.7% 7.3 1.61
7 100 5 1.02 0.513 0.503 12.7% 7.3 1.60
8 100 10 1.01 0.512 0.502 12.7% 7.2 1.59
9 100 20 1.01 0.51 0.5 12.5% 7.1 1.56
10 100 50 1.0 0.506 0.495 12.2% 6.9 1.49
11 100 100 0.98 0.498 0.486 11.9% 6.5 1.40
12 200 50 1.0 0.506 0.495 6.5% 3.5 0.80






















ran rbr ||φ||Γin,∞ ||φ||Γout, 1,∞ ||φ||Γout, 2,∞ ||u||Ωan,∞||u||Ωtr,∞ ||∇ × u||Ωan,2 ||WSS||∂Ωan,2
0 0 0 1.05 0.523 0.513 73.8% 71.8 12.9
4 50 20 1.04 0.520 0.509 22.7% 14.8 2.80


































































































 1.6  1.7  1.8  1.9  2  2.1  2.2  2.3  2.4
no stent
stent: 50 - 20
stent: 100 - 50
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[4.8 104, 5.4 104]































































































































































































































































































 0  0.5  1  1.5  2  2.5
no stent
stent: 50 - 20
stent: 100 - 50








 0  0.5  1  1.5  2  2.5
no stent
stent: 50 - 20
stent: 100 - 50





























 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7
NS, no stent
FSI, no stent
NS, stent: 100 - 50









 0  0.1  0.2  0.3  0.4  0.5  0.6  0.7
NS, no stent
FSI, no stent
NS, stent: 100 - 50
FSI, stent: 100 - 50
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